| LEGIBILITY NOTICE

, A major purpose of the Techni-
" cal Information Center is to provide
the broadest dissemination possi-
ble of information contained In
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.
Although a small portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1



\ ——e -

- -89-2059
LA-UR LA-UR--89-2059

DE89 014308

Los Alamos NatONa! LEbOraIDTy 8 OPOrAIeS by the Unwersity of Calfornis for the Unnad Suies Depsriment of nergy unger Conac W.7495. EnG 3

TiTLe Nuclear Relaxation Rates At Copper and Oxygen Sites in \’Hu.)(fu307

AutHOnS) P. O, Hammol, M. Takigawa, R. H., Heffner, 2. Fisk, K. C. Ott

suBMITTED TO  Proceedings for  Materials and Mechanisms ot Superconductivity,
July 24-28, 1989, Stanford, CA

DISCLAIMER

Thix report was prepared an un account of work sponsored oy an sgency of the United States
Government  Neither the United States Guvernment nur any agency thereol, nor uny ol their
employces, muken any warranty, expreas or implied, or assumes any legal liubility ot responm-
bility fur the accuracy, completenens, or usefulness of any information, apparatus, product, or
process disclmed, or represents Lhat sty use would not infringe privately vwned rights. Refer-
ence herein lo any specific commere al product, process, or service by trude name, trademark,
manulscturer. or mi.erwise does not necessanly constitute or imply it endorsement, recom-
mendation, of favoning by the United Staten Goverament ot any agency theteol [he views
and opinons of wuthors expressed herein do not novessarly stute or reflect those of the
United States CGovernment ur sny agency thereof

By sacepuance o the arucie the pubiigher YECOGRIE00 Mo the U B Governmant re18:n8 & AONEICIEIVE 1OYBNy- e keenes 10 PuDIEN ¢ 18DIOduCe
e pubEnE0 form Bf Thig CONITBVIION B 10 BHOw OThars B @0 80 for U B Govarnment purpeses

The Los aldmas Natena! LODEISISry reauatts It the Pushing’ Ny g B7HCID B) work POrermed unge’ "o suspas ot e U B Deparimeni ot kne'gy

Los Alamos National Laborator
0S AZNNOS Loz aamseatonal Lavorsc
-,‘-O:: ‘“lfn l;‘l (:' T.'n nermiaiiTink AF THME “‘I"II |3.||NI IMLTED


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


NUCLEAR RELAXATION RATES AT COPPER AND OXYGEN SITES IN YBagCu3O7

P. C. Hammel, M. Takigawa, R. H. Hetiner, 2. Fisk and K. C. On

Los Alamos National Laboratory, Los Alamos, NM 87545

We renon NMR measuremaents of the nuciear relaxation rate at all copper and oxygen sites in magnetically aligned
powder samples 51 YBa2Cu307. There is no peak in the oxygen relaxation rale below T¢ ai any oxygen sile supporting
the possibility thal d-wave pairs are formed in the superconducting state. Comparison of the oxygen and copper rales
in the planes reveais a characteristic temperature grealer than Te.

We have ineasured the relaxation rate al all oxygen and
copper sies in aligned powders of YBaCuaO7. Relaxation
measuremeants provide microscopic information about spin
dynamics at these sitas; comparison of data from the CuO2
planes gives insight inlo the relationship between the doped
holes of primarily O-2p and copper d-orblial characler
Contrary ic eurlier reports! our measurements clearly
show the ahaence of aiy increase of relaxation just below
Te ot ANy of the four oxygen sites.

An earlier publication describes the sample and shows
an NMR specirum. T is 93 K and the shisiding is ciose 1o
100%. The 170 (“Cu) relaxation measurements were
made in & 7.0 (7.4) Tesia field which reduces T¢ 10 86 K
when the lield direction is paraliel 10 the orystal c-axis
(H/c). The 170 H/c measutements were made on the
quadrupole sateliites to ensure that signals from a single
cite only were detected. The lime dspendence of the re-
ocovery of the oxygen magnetization following a single 90°
salursting pulse is well descrided by the expectedd five
component expanential recovery.

The 0(2,3) (planar oxygen) relaxation rate. 17741,
contrasts dramatically with the Cu(2) rate, 8371 (Fig.
1). Above Tg V774! ig lineer ' temperalure while
6371-! has 8 much weaker temperaiure dependence and is
roughly 20 times larger. The Korringad relation
(T1TK2)' ) a shkgy2/up2 (K is the Knight shilt) which
describes relaxation of nuclel coupled 1o conduction elec.
trons in @ metal describes 17T ! well: Ns temperature
dependence is inear and the magnitude of (T1TK2):1 s
only 1.4 times the ideal value ehkpy2/up2. To urdersiand
the magnitude of 83T 1one is l6d 10 examine the conse:

quences of anliferromagnetic interactions between d-hole
spins. The relaxation rate is proporional 1o kgT<I*(q)>q.
(where <1°(Q)>q is the zero frequency limil of the average
of the dynamical susceplibiily, 2°(q.w)w, over all g
cpanning the Fermi surface). Antiferromagnelic inter-
actions increase X°g(q.w) (d refers to the copper d-spin)
al the antiferromagnetic wave vecior, QaF, and thus in-
crease 83741, Ag a resuit (T1TK2) 1 tor copper will
be enhanced with respect to the value xhkpy2/ug2: the
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Figure 1. We show the H/c relaxation rates. The sohd
ines indicate a linear iemperature dependence. the inse!
shows Lhe linear behavior of the O{2.3) rate above T,



data? chow this enhancement to be roughtly 11 st 100 K.
17741 is not enhanced by the large value of X"q(QAF)
because the transterred hyperfine coupling of the O(2,3)
nuclear spin 1o the Cu-3d spin vanishes &t QAF (the hy-
periine lields from antiparaliel sping on the neighboring
coppers cancel at the oxygen lte).

The linear tsmperature dependence of 1774 shows
that <x°0.p(Q)>q (O-p refers 1o holes primarily resident
in O-2p orbitals) is independant of temperature. The
temperature dependence of R (Fig. 2) sbove 1.35 T shows
that <z7d(qQ)>q ts increasing with decreasing temperaiure.
From the copper Knight shift5 we knuw that x(qe0) is
temperaiure independent above T¢ showing that it is the
large q (near QA F) componen! of x"g(q.w) which is
increasing. Through the Kramaers-Kronig relation, the
femperaiure dependence of X"g(QAF.w)/w indicales that
X4(QAF) is increasing with decreasing lemperature. Fig.
2 shows that the increase of Lg(QAF) with cooling ceat~ s
8! 8 characteratic wmosrature greater than I Pelow
1.35 T 1°0.p(Q.w) £nd 1°g(q.w) become sirongly coupied
and Xg(QAF) is temperature independent. This could imply
tha! the coupling between the doped holes and the d-holes
themselves becomaes much sironger at this lemperature.
This situation wouid bear some similarity 10 the heavy
fermion sysiems. That R never decreases with decreasing
temperaiure means the enhancement of copper relaxation
relative 10 that of oxygen does not decrease even in the su-
perconducting siate. Thus the rapid decrease of COPPer re-
laxat.on which oocurs in the vicinity of Te is not the result
of the i0ss of the enhancement.

The complete absence of any pesh in the relaxation rate
immadiately below T¢ is significani. Seen® in s.wave su-
percond. Tlors, this peak will be absen! in d-wave super-
conduciivity because the existence 0! Quasiparticie states
in the gap reduces the accumulation of states at the gap edge
and the coherence factor will be zero for the simplost d-
wave staies one might consider for 8 square Fermi surlace.

in the chains (Fig. 1) both O(1) and O(4) show the
same leamperaiwe depsncence as Cu(1). From this we con
clude that the doped holes are strongly bourd 1o the Cu(1)
holes 10 form a single band. As in the planes, nelther the
O(1) nor O(4) shes show a pesk in Ty~ below T¢ again
supporting the possibllity of d-wave pairing.
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Figure 2. Comparison of copper and oxygen relaxation in
the planes reveals a characleristic temperatuce greater
than T¢. 1.35 T¢, al which the antiferromagnenc spin
fiuctuations slop growing with decreasing temperature

The clear conclusion from the comparison of oxygen and
ocopper relaxation is the gustence of a characlensic tem
peraturp other than To. At 1.35 T spin degrees of freedom
which have some independence 8! higher lemperatures he
come coupled: Xg(QAF) ceasas 1© grow with decreasing
wmpuraiure and bscomes lemperature independent. The
rapic decraase of copper relaxglion in the vicinity of T is
0al due 1o the loss of enhancernent from antiferromagnelc
spin fluctuations. Finally, the clear absence of any in-
creass in 17741 below T¢ supports the possidility of d-
wave superconductive pairing.
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